use. Cell lysis was achieved by several passages through a French pressure cell followed by sonication for 5 min. After centrifugation, 6x histidine-tagged protein was purified on a nickelnitrilotriacetic acid superflow matrix (Qiagen, Hilden, Germany) under native conditions at 4 °C according to the manufacturers manual. Homogeneities of the obtained proteins were analyzed by sodium dodecyl sulfate polyacrylamide gel electrophoresis (Fig S1) , showing at least 93 % purity for pmARC-1 and 94 % for HMCS-CT as calculated by densitometric calculation of band intensities using ImageJ software (http://rsbweb.nih.gov). Molybdenum cofactor bound to purified HMCS-CT and pmARC-1, respectively, was identified and quantified by conversion to the stable oxidation product FormA-dephospho, according to Johnson and Rajagopalan. 3 Oxidation, dephosphorylation, QAE chromatography, and high performance liquid chromatography (HPLC) analysis were performed as described previously 4 .
For pmARC-1, a cofactor content of 0.22 ± 0.06 moles/mole of protein was detected, while HMCS-CT appeared to be fully saturated with cofactor (i.e. 1 mole/mole of protein). Additionally performed inductively coupled plasma mass spectrometry demonstrated that about half of the pmARC-1 cofactor is loaded with molybdenum (0.3 ± 0.02 moles/mole of protein), while all cofactor of HMCS-CT seems to exist in the metal-bound form (1.42 ± 0.02 moles/mole of protein). X-ray Absorption Spectroscopy. Mo K-edge X-ray absorption spectroscopic (XAS) measurements were conducted at beamline 7-3 (BL7-3) of the Stanford Synchrotron Radiation Lightsource (SSRL) under storage ring (SPEAR3) conditions with an energy of 3 GeV and a current of ~500mA in top-off mode. BL 7-3 is a 20-pole, 2 T Wiggler beamline, respectively equipped with a Si(220) downward reflecting, double-crystal monochromator. BL 7-3 is equipped with a rhodium-coated vertical collimating mirror upstream of the monochromator. Approximately ~150 µL of the MOSC family proteins in two different concentrations (6.15 and 12.3 mg/mL for pmARC-1 and 8.3 and 16.6 mg/mL for HMCS-CT), as described above, were loaded into Delrin® cells and sealed with thin Mo-free Kapton tape. Data were collected in the energy range from 19,692 eV to k=18Å above the Mo K-edge using an unfocused beam. The frozen solution samples were mounted under liquid nitrogen and measured in a liquid He cryostat at ∼11 K. The Mo Kα fluorescence signal was collected using a 30-element Ge array detector and with a Soller slit and Z-2 (Zr) filter. The energy windowing of the array detector was done to minimize the fluorescence signal due to scattering and other non-Mo Kα emission sources. For each sample, six scans were measured and the energy was calibrated to a reference Mo foil sample, which collected simultaneously with the protein sample.
Normalization and Fitting. Energy calibration, background correction, averaging, and data normalization were accomplished by ATHENA, which is part of the Demeter software package version 0.9.18.2. 5 The data were calibrated to the inflection point which corresponded to the infection point at 20000 eV for the Mo foil. In order to attain an EXAFS with an Rbkg of 1, AUTOBK were used to spline the postedge region. ARTEMIS, which is part of Ifeffit version 1.2.11, and FEFF8
6 was used to model and fit the k 3 weighted data. The Fourier and fit parameters for the k-range was 3.0 to 12.0 and the R-range was 1.0 to 3.0. The oxo shell (d Mo-O ~1.7 Å) was used for phase correction. The k-range EXAFS spectra were fitted with a fixed S 0 Electronic structure calculations. Gas-phase geometry optimizations and electronic structure calculations for HMCS-CT and pmARC-1 model complexes were performed at the density functional level of theory (DFT) using the Gaussian 09 revision C.01 software package. 7 The calculations utilized the B3LYP [8] [9] [10] [11] [12] [13] exchange-correlation functional with the def2-tzvp basis set 14 for all atoms and an effective core potential on Mo. 15 The def2-tzvp basis set was obtained from the EMSL basis set exchange website.
16,17 Models 1-1 and 2-1 are structures of oxidized and reduced sulfite oxidase, with the pyranopterin ligand being replaced by 2-butene-2,3-dithiol and the cysteine residue replaced with ethanethiol. For model 2-2, the aquo ligand from model 2-1 was removed and then optimized. The final optimized representations and coordinates for these models are provide below. Theoretical calculations on the Mo IV -persulfide species were done to determine the stability of the Mo IV -persulfide species, and the likelihood of sulfuration to the Mo VI =S for activating XO. The stability of the Mo IV -persulfide species was determined by two unique liner transit (LT) type calculations. The first examined the effects of stretching the S-S bond distance to determine if spontaneous induced internal electron transfer (ET) would occur without protonation. The second LT calculation was done to determine if the aquo ligand is poised to protonate the bridging persulfide and thus induce ET. This was done by moving the proton from the aquo ligand to the bridging persulfide. Since both of these LT calculations indicate that the Mo IV -persulfide species is thermodynamically stable, a final LT calculation was done to determine if extraneous protonation would need to occur first. The bridging persulfide was protonated and then S-S bond distance was increased. . SDS-PAGE analysis and Moco content of purified pmARC-1 and HMCS-CT. 10 µg of pmARC-1 (A) and HMCS-CT (B) as expressed in E. coli and purified by affinity chromatography were analyzed for protein homogeneity after electrophoresis on 12 % SDS PA gels. Both proteins were also subjected to FormA analysis, which is used to quantify the amount of bound molybdopterin cofactor.
Model Coordinates

Model 1-1
